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(57) Abrégée/Abstract:

The present invention provides efficient target file window matching within the source file for delta compressors. One embodiment
provides an apparatus for matching target file windows of a target file with source file windows of a source file in delta compressors,
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(57) Abrege(suite)/Abstract(continued):
comprising: means for partitioning the source file into a plurality of source file windows; means for partitioning the target file into a

plurality of target file windows; and means for matching one of said plurality of source file windows with one of said target file
windows based upon a distance function that defines a distance between a data segment of said one of said plurality of source file
windows and a data segment of said one of said target file windows using a respective n-gram of said data segments.
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ABSTRACT

The present invention provides efficient target file window matching within the
source file for delta compressors. One embodiment provides an apparatus for
matching target file windows of a target file with source file windows of a source file in
delta compressors, comprising: means for patrtitioning the source file into a plurality of
source file windows; means for partitioning the target file into a plurality of target file
windows; and means for matching one of said plurality of source file windows with
one of said target file windows based upon a distance function that defines a distance
between a data segment of said one of said plurality of source file windows and a
data segment of said one of said target file windows using a respective n-gram of said

data segments.
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METHOD AND APPARATUS FOR WINDOW MATCHING IN DELTA
COMPRESSORS

BACKGROUND OF THE INVENTION

Technical Field
The present invention relates generally to data compression and, more

particularly, to a method for efficient window partition matching in delta

compressors to enhance compression performance based on the idea of

10 modeling\a dataset with the frequencies of its n-grams.

.~

Description of the Problem

| Compression programs routinely limit the data to be compressed
together in segments called windows. The process of doing this is called

15  windowing. Delta compression techniques were developed to compres's a
target file'given some other related source file. An early example delta
compressor was the UNIX diff tool which computes differences between
versions of text files by matching text lines across files. Diff was used to
reduce disk storage in UNIX based source code control systems such aS‘

20  Source Code Control System (SCCS) and Revision Control System (RCS).
One of the first delta compressors that could deal with binary data was Vdelta.
Unlike other delta compressors which do nothing without source data, the

~algorithm used In Vdelta compresses data when source data is absent.
Vdelta was used in the Bell Labs source and binary code control system

25  (SBCS) and later in the experiments that spurred the addition of delta-
encoding to the Internet HTTP protocol. Windowing is necessary to delta
compressors partly due to their use of memory-intensive string matching
algorithms and partly due to improved coding of addresses of matches. Here,
windowing means first dividing a target file into data segments called target

30  windows, then for each target window selecting some suitably simi{ar'source
window to compress against. Current practice uses source data with
matching file offsets to given target windows. This may work for file versions
created by simple editing but often fails when significant data updates _happeh

between versions.
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Therefore, a need exists for a method for efficiently matching target file
windows with source file windows to improve delta compression performance.

SUMMARY OF THE INVENTION

In one embodiment, the present invention significantly improves the
performance of matching target file window partitions to source file window partitions
in delta compression. In particular, the present invention enhances delta compression
performance of delta compressors based on the idea of modeling a dataset with the
frequencies of its n-grams and employs a method to compute good source and target
window matching in time O(s).

Certain exemplary embodiments may provide a method for matching target file
windows of a target file with source file windows of a source file in delta compressors,
sald method comprising: partitioning the source file into a plurality of source file
windows; partitioning the target file into a plurality of target file windows; and matching
one of said plurality of source file windows with one of said target file windows based
upon a distance fupction that defines a distance between a data segment of said one
of said plurality of source file windows and a data segment of said one of said target
file windows using a respective n-gram of said data segments.

Certain other exemplary embodiments may provide a computer-readable
medium having stored thereon a plurality of instructions, the plurality of instructions
including instructions which, when executed by a processor, cause the processor to
perform the steps of a method for matching target file windows of a target file with
source file windows of a source file in delta compressors, comprising of: partitioning
the source file into a plurality of source file windows; partitioning the target file into a
plurality of target file windows; and matching one of said plurality of source file
windows with one of said target file windows based upon a distance function that
defines a distance between a data segment of said one of said plurality of source file
windows and a data segment of said one of said target file windows using a

respective n-gram of said data segments.
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Yet another exemplary embodiment may provide an apparatus for matching
target file windows of a target file with source file windows of a source file in delta
compressors, comprising: means for partitioning the source file into a plurality of
source file windows; means for partitioning the target file into a plurality of target file
windows; and means for matching one of said plurality of source file windows with
one of said target file windows based upon a distance function that defines a distance
between a data segment of said one of said plurality of source file windows and a
data segment of said one of said target file windows using a respective n-gram of said

data segments.

BRIEF DESCRIPTION OF THE DRAWINGS
The teaching of the present invention can be readily understood by considering
the following detailed description in conjunction with the accompanying drawings, in

which:
FIG. 1 illustrates an example of window matching using the file offset alignment

strategy;
FIG. 2 illustrates a flowchart of a fast search for source window matching

method of the present invention,;
FIG. 3 illustrates an exemplary partition of the source and target files of the

present invention;

FIG. 4 illustrates the candidate source window matches with the target window
T and the associated votes by target each target segment in target window T,

FIG. § illustrates a detailed window matching algorithm in C programming

codes of the present invention;
FIG. 6 illustrates a flowchart of a best match method for finding the best match

between the target segment T among the top source window candidates;
FIG. 7 illustrates an example of the extended search area for the top source
window candidates and the associated target window T of the present invention; and
FIG. 8 illustrates the present window matching method implemented using a

general purpose computer or any other hardware equivalents.
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To facilitate understanding, identical reference numerals have been

- used, where possible, to designate identical elements that are common to the

figures.

DETAILED DESCRIPTION

‘The present invention relates to data compression using delta

“compressors based on the idea of modeling a dataset with the frequencies of

its n-grams.

To better understand the present invention, a description of n-grams.

' '_and its use are first provided. The present invention uses n-grams to model

data. FOr any data segment S with length s, an n-gramin S is a subseqUence
of n < s consecutive bytes. Assume an arbitrary but fixed n, the notation S;

will denote the n-gram in S starting at location | while S[i] denotes the byte at
location i. For example, the string S = abababac is of length 8 and has five 4-

grams, of which three are distinct: abab, baba and abac. The 4-grams Sg and

S are the same: abab.

‘The present invention repeatedly examine n-gram frequencies of given
data segments. Thus, it is beneficial if this step can be executed quickly. For
any general data segmen‘t S, the notation Fs shall be used to denote an '
associative array of frequenCies iIndexed by the n-grams of S. Suppose that

Fs was initialized to O's, the below loop computes all n-gram frequencies:

for(i=0; I<=s-n; i+=1)
FslSi]+=1;

This loop runs in time O(s) as long as the cost of indexing the array Fs
can be bounded by some constant. This can be ensured by implementing Fs

as a hash table indexed by the distinct n-grams. However, hash table look-up

cost is significant and the frequency estimates do not always need to be

~exact. Thus, Fsis chosen to be implemented as a normal array of size A by

hashing each n-gram S; to an integer via the below hash function with some

- preselected constant o

Proprietary Information of AT&T
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X(S) = (0™'S[i] + a™2S[]] + ... + S[i+n-1)mod A (Equ. 1)

The above loop then becomes:

for(i=0; i<=s-n; i+=1)

Fslx(S)]+=1,;

For nontrivial values of n, the loop can be further optimized by

éxploiting the Iihearity of the hash function ¥ to compute %(Si+1) from %(S;) via:
1(Sir1) = {o(x(S) - o™ 'S[iP + S[i+n)y mod A (Equ. 2)

For assessment and identification of string similarity in delta
compressors, larger values of n are required (n usually greater than 1). In
that case, a small number of n-grams may collide and get mapped into the
same indices in Fs. Henceforth, given a data segment S and a freq-uenCy
array Fs, it shall be assumed that Fsis indexed by mapping the n-grams'via
the y function as described. Therefore, the notation Fs[S;] will mean Fsix(Si)].

Delta COmpressors typically deal with two files at a time. A target file is
compressed against some related source file. For large files, windowing is
done by first dividing the target file into target windows, then compréssing
each such window against some source window. A source window is often
from the source file but it could also come from some part of the target file
earlier than the current target window. Since the target file is often a ater
version. of the source file created via local editing operations, windowing is

conventionally done by aligning a target window with a source window in the

source file using the same file offset. However, it is increasingly common to

have more extensive changes between versions, for example, in applications
that compute patches between archives of source code or store versions of
daily disk back-up archives. The file offset alignment strategy is often

ineffective for processing these very large files because data may be moved

Proprietary Information of AT&T
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to remote locations between versions. FIG. 1 illustrates an example of

window matching using the file offset alignment strategy. The source file S
contains three string based sections A, B, and C ordered consecutively in
sequence. The target file is simply a version of the source file by moving
section A to the end of the file via local editing. The target file contains the

same string based sections as the source file but the sections are ordered in

the sequence of B, C,'and A instead. If target window 1, T, is used to match

' 'against source window 1, a match cannot be found. In fact, the contents in

the T have shifted quite far away from the source window 1. In this case, the

file offset alignment strategy performs very poorly in matching a target window

- with a source window. A brute force approach is to simply align a target

window with every location in the source file and run the compression

algorithm itself to find the best one. This would be unbearably siow.

- To address this criticality, the present invention provides a method for _-

matching source and target file windows by modeling data using n-grams.

- The present invention gives a way to construct fast linear-time window

- matching algorithms.

In the present invention, the concept of signatures to represent a data
segment is introduced. Given a data segment P of iength A, define its
signatUre co(P) as the sum of the hash values of all n-grams uSing the same
h'ash function shown in Equ. 1 and 2. If i represents the hashed value of n-

grams and A is the size of the n-gram frequency array, then:

A"] * . |
- o(P) = ;; Feli] (Equ. 3)
The constant A is chosen so that the total sum would not exceed the

maximum allowed size in a computer word. In one embodiment of the

present invention, A is typically 2"’ so A = 2?°is used to ensure that each

- signature fits in a 32-bit integer. A nice property of o( ) is that similar data

segments get mapped to similar values. The signature distance between two

segments P4 and P, is defined as:

16(P1) — O(F’z}

R = ey )

(Equ. 4)

Proprietary Information of AT&T
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- FIG. 2 illustrates a flowchart of a fest search for matching soUrce' .
window method 200 of the present invention. Method 200 starts in step 205
and proceeds to step 210. ' . ' '

In step 210, a source file S is partitioned into a sequence of segments,
So, S1, ..., Sa, €ach of fixed size A in length as shown in 310 in FIG. 3. "Note
that the starting offset'of segment S; in the source file is i. The last segment
is omitted if it is smailer than X. ' '
' In step 220, a target file is kA in length and is split into L target windows
as shown in 320 in FIG. 3. Each target window T is further spilit into'a
sequenCe of segments T, T4, Tp each of the same size A as shown in 320

in FIG. 3. Note that the target window size is arbitrary and can be chosen to
suit a particular application or implementation. Therefore, the values of b and
L are arbitrary as well, depending on the value of the target window size

chosen. In one embodiment of the present invention as shown in 320 in FIG.
3, the window size is chosen to be 3 and the values of b and L are therefore
3 and kA/3 respectively. '

In step 230, for each segment T; in a particular target window T, the set

of all Si's such that j<i<a ~b and o(Si, Ti) < e are computed. Then, the

method asserts Tj's vote for each such source window with starting offset (i-)A
as a candidate for a match. Note that different segments in T may vote for the

same position. To further illustrate this step, the example in FIG. 4 is used. In

FIG. 4, the current target window T is target window 3. For segment Tpin T,

To will be used to compute the signatures in conjunction with source segments
So, S1, Sy, ..., Sap tO produce o(So, To), 6(S1, To), 8(S2, To), ..., a'nd 5(Sasb, To).
Similarly, for segment T41in T, T, will be used to compute the signatures in
conjunction with source segments Sq, Sy, S3, ..., Sap 10 produce d(Sq, T1),

5(S2, T1), &(S3, T1), ..., and 8(Saw, T1). Similarly, for segment T, in T, T, will

- be used to compute the signatures in conjunction with source segments S,

82, 84, cen Sé-b to pTOdUCG- 6(82, Tz), 6(83, Tz), 8(84, Tz), ,'and S(Sa-b, Tz).
Considering an example with signatures of all source and target segment

pairs that meet the condition of §(S;, Ti) < € are shown in TABLE 1.

Proprietary Information of AT&T
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- Source Target Segment Pairs
Meeting Condition of 6(S;, T)) < ¢
So, To
S1, To
Sa, To
S1, T+
Sg, T+
Sz, 12
Ss, T2
S11, T2

TABLE 1

In this exampile, the candidate source windows that potentially match
the current target window T and their associated votes by each target '
segment are shown in 430 to 434 In FIG. 4. The eight source and targe-t B
window pairs that meet the o(S;, Tj) < € condition in this example produces
five candidate matching source windows for the current target window.

For target window segment T, it has a potential match with Sy, S4, and
Ss. Inthis case, =0 and i=0, 1, and 3. Applying the previously defined rule of
voting, then the Ty and Sy segment pair leads to 1 vote by target window
segment T, for candidate source window 1 which contains source s_egmen-ts
So, S1, and Sy; the Tp and S¢ segment pair leads to 1 vote by target window" '
segment Ty for candidate source window 2 which contains source segments
Sq, Sp, and S3; the Tp and S3 segment pair leads to 1 vote by target window
segment T for candidate source window 3 which contains source segments '
S3, O4, and Ss.

For target window segment T4, it has a potential match with S, and Ss.

’ ‘In this case, |=1 and i=1 and 8. Applying the previously defined rule of voting,

then the T, and S segment pair leads to 1 vote by target window segment T,
for candidate source window 1 which contains source segments Sy, S+, and

S,; the T4 and Sg segment pair leads to 1 vote by target window segment T;

Proprietary Information of AT&T
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for candidate source window 4 which contains source segments S;, Sg, and
So.

For target window segment T, it has a potential match with S,, Ss, and
S41. In this case, j=2 and i=2, 5, and 11. Applying the previously defined rule
of voting, then the T, and S; segment pair leads to 1 vote by target window
segment T for candidate source window 1 which contains source segments

So, S1, and Sz; the T2 and Ss segment pair leads to 1 vote by' target window

- segment T, for candidate source window 3 which contains source segments

Sz, S4, @and Ss; the T, and S11 segment pair leads to 1 vote by target window

segment T, for candidate source window 5 which contains source segments

- Sg, S1p, and Su4.

' At the end of step 230, the method produces the voting results by the
target window segments of the current target window and the associated

candidate matching source windows as shown in TABLE 2.

Candidate Matching | Source Window Segments | Number of Votes by Current

Source Windows Target Window
1 |  Sp, S, Sz - 3
2 S4, Sz, Ss, 1 -
3 Ss, Sa, Ss 2
4 | S, Se, S I K |
5 So, S10, S11 1
TABLE 2

Note that votes are weighted by the number of agreeing neighbors to
increase accuracy, such as the case of candidate source window 1. The .
results of this example mean that candidate source window 1 has the highest
potential match with the current target window T with 3 votes. The second '
highest potential match is candidate source window 3; the third highest '
potential match is a tie consisting candidate source windows 2, 4, and 5.
These candidate matching source windows are the top 5 match of the

candidate source windows.

Proprietary Information of AT&T
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- Note also that large signatures often mean small values eveh if they
represent fairly distinct data segments. Thus, a graduated scheme is used to
set the threshoid ¢ so that larger sighatures get smaller thresholds. For
example, in comparing two signatures ¢4 and ¢,, one embodiment of th_e
present invention uses € = 0.05 when min(c4, 62) > 224 and € = 0.0'8 when
min(c1 02) < 2'°. Expérimenta‘tion with a wide variety of data showed that
these parameters provided the best balance between window selections and
- running time. However, these parameters can be arbitrarily chosen to suit a |

particular application or implementation. ' l
' ‘ n step 240, the top k candidate source Window positions identified in
step 230 that have the closest signature distance from a target window T will
be applied as inputs to the detailed matching algorithm to a small '
neighborhood of the candidate source windows to find the best match to T

The detailed matching method is discussed in detail in FIG. 5 and 6. In one
embodiment of the present invention, the number of selected top candidates k
= 8 is used and 2A (i.e., twice the length of a segment) for the searCh size for
a candidate’s neighborhood that will be used in the detailed matching method
'to be discussed later. Experimentation with a wide variety of data showed that
~ these parameters provided the best balance between window selections and
running time. However, these parameters can be arbitrarily chosen to suita
particular application or implementation. ' .

The key step in matching windows is to measure their similarity. This is
done by defining a distance between two data segments using their n-grams.
~Let Sy and S; be two non-empty data segments with corresponding n-gram

frequency arrays Fg, and Fg_ computed by hashing n-grams as described in

Equ. 1 and 2 and related exemplary programming loops described

previously. The distance between S1 and S; is defined as follows:

2= FSJ [l]mFSQ g \ (Equ. 5)

A(Sq, Sp) =
S 52 S maxlFg g i)

Proprietary Information of AT&T
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The distance A is normalized so that 0 < A(S;,S,)<1. This enables

using some preset threshold to cut short a search for similar data segments.

- The parameters defining n-grams and frequency arrays can have large effect

- on the q'uality of A. In one embodiment of the present invention, n = 4 is used

since that is the minimum match length allowed by the underlying delta

compressor. The parameters o and A were set to be 101 and 2™°. These

choices keep the frequency arrays at a reasonable size with few n-gram

‘collisions. Although A can be applied to data segments with different lengths,

the use of A by the present invention to be shown below will always be on
segments with the same length.

- Considering an example of two data segments S and T with sizes s > {

and a sub-segment of S with length t that matches T best needs to be found.

The detailed matching algorithm in FIG. 5 shows how this can be done.
FIG. 5 illustrates a detailed window matching algorithm 500 in C

programming codes of the present invention. The first loop computes the

| - distance between T and an initial segment W of S of length . The variables d

and m keep the values of the sums used in defining the distance A. Then, the
second loop slides W over S one position at a time. At each step, W drops off
the left-most n-gram a'nd adds a new n-gram on the right. The frequency array
Fw and the variables d and m can be updated in constant time to reflect this.
Therefore, the entire loop runs in time 'O(s). Omitted in the algorithm was the

O(t) cost of computing the initial frequency arrays. Adding this back in, the

- algorithm, when given two data segments S and T with sizes s > t, canfinda

best match to a target window T in S in time O(s+t). -
FIG. 6 illustrates a flowchart of a best match method 600 using the top

candidate source windows found by method 200 and the associated target

~window T as inputs to find the best match between the target segment T

among the top source window candidates. Method 600 starts in step 605 and
proceeds to step 610.

In step 610, the method accepts the top cahdidate source windows

found by method 200 and the associated target window T as inputs.

In step 620, the method extends the search neighborhood of each of

the top candidate source windows by 2X to give extended search windows

~ Proprietary Information of AT&T
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S's. For instance, for each of the top k source window candidate found in

method 200, the method uses 2A (i.e. twice the Iength'of a segment) for the

~ search size for a candidate’s neighborhood. In other words, the method uses

a candidate source window generated from method 200 and extend the
search area A to the right and A to the left of the candidate source window. In

the case the source window candidate is at the beginning of the source file,

the extension of the search area to the left may not be possible and can be

“ignored. Similarly, in the case the source window candidate is at the end of
' the source file, the extension of the search area to the right may not be
possible and can be ignored. FIG. 7 illustrates a continuation of the previous

- example used in describing method 200 to show the extended search area for

the top 5source window candidates and the associated target window T'. 430

to 434 in FIG. 4 show the original top 5 source window candidates found by
method 200. Now, by extending the search size by 2A to each candidate

window, the extended search area for these top 5 source window candidates

730 to 734 are shown in FIG. 7. For target window T, the search area for

" candidate source window 1 becomes So, S1, Sy, and S3. Note that the source

window 1 search area cannot be extended to the left since it is already at the
beginning of the file. Similar‘ly, the search area for candidate source window 2
becomes Sg, S, 82 S3, and Sy; the search area for candidate source window
3 becomes Sz, Si, S4 Ss, and Se; the search area for candidate source

window 4 becomes Ss, S7, Sg, Sg, and Sqo; the search area for candidate

source window 5 becomes Sg, So, S10, S11, and Si».

~ In step 630, once the extended search area for each top 30urce
window candidate has been defined, method 500 can be used to find the best
match between the exltended search area for each of the top k candidates and
the associated target window T. For candidate source window 1, the method
uses method 500 to find a sub-segment with length t within the extended

search area Sy, Sq, Sp, and Sz that best matches the target window T.

Similarly, for candidate source window 2, the method uses method 500 to find

~a sub-segment with length t within the extended search area Sg, Sq, Sy, Ss,

and S, that best matches the target window T; for candidate source window 3,

the method uses method 500 to find a sub-segment with length t within the

Proprietary Information of AT&T
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extended search area S, S3, Si Ss, and Si that best matches the target

window T; for candidate source window 4, the method uses method 500 to

~ find a sub-segment with length t within the extended search area Ss, S, Ss,

Se, and Sy that best matches the target window T; for candidate source
window 5, the method uses method 500 to find a sub-segment with length t
within the extended search area Sg, Sg, S10, 511, and 812 that best matches the
target wmdow T. ' '~. |

~ In step 640, the sub-segment wit.h the best distance produced in step

630 among all candidate extended search areas will be used as the best
match to T. The method terminates in step 650.

FIG. 8 illustrates the present window matching method(s) implemented
usinga geheral purpose computer 800 or any other hardware equivalents.
FFor exam'ple the present window matching methods and data structures can
be represented by one or more software applications (or even a comblnatlon :
of software and hardware, e.g., using application specific mtegrated cwcuuts
(ASIC)), where the software is loaded from a storage medium 806, (e.g., a
ROM, a magnetic or optical drive or diskette) and operated by the CPU 802 in
the memory 804 of the system. As such, the present window matching
methods and data structures of the present invention can be stored on a
computer readable medidm, e.g., RAM memory, ROM, magnetic or optical
drive or diskette and the like. .

‘While various embodiments have been .described above, it should be

“understood that they have been presented by way of example ohly, and not

limitation. Thus, the breadth and scope of a preferred embodiment should not
be limited by any of the above-described exemplary embodiments, but should
be defined only in accordance with the following claims and their equivalents.

Proprietary information of AT&T
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IN THE CLAIMS

1. A method for matching target file windows of a target file with source
file windows of a source file in delta compressors, said method comprising:
partitioning the source file into a plurality of source file windows;
partitioning the target file into a plurality of target file windows; and
matching one of said plurality of source file windows with one of said
plurality of target file windows based upon a distance function that defines a
distance between a data segment of said one of said plurality of source file
windows and a data segment of said one of said plurality of target file

windows using a respective n-gram of said data segments.

2. The method of claim 1, wherein said distance function is as follows:
A-l - -
o Fa [l —Fe_il
A(S1, Sg) = —o ko S
2.ico Max FSI['],FS2 ['])

where,
A(S1, S2) Is defined to be the distance function between two

non-empty data segments, S1 and S;, as a measure of similarity between the

two data segments, and

Fg, and Fg are corresponding n-gram frequency arrays for data

segments Sy and S, respectively.

3. The method of claim 1, further comprising:
finding a minimum distance between a sub-segment of a source
window S with length t that best matches a target window T based on the

distance function.

4. The method of claim 1, further comprising:

performing a fast search for matching source windows.
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S. The method of claim 4, wherein said fast search comprises a definition

of a signature function:

o(P) = Apr[i]

i=0
where signature o(P) is defined as the sum of the hash values of all

n-grams, Fp is a frequency array of hash values indexed by n-grams,

| represents the hashed value of n-grams and A is the size of the frequency

array.

6. The method of claim 4, wherein said fast search comprises a definition

of a signature distance function based on the signature function o:

__'G(P]) — O'(le
max(s(P,) o(P,))

where P; and P; represent two data segments.

O(P4, P2) =

7. The method of claim 4, wherein said fast search comprises the steps
of:

a) partitioning source file S into a sequence of segments each of a
fixed size A;

b) partitioning target window T into a sequence of segments each
of a fixed size A;

C) computing the set of all S's such that ) <= <= a-b and
0(Sj, Tij) <= € and asserting that Tj votes for each such position (i-))A as a
candidate for a match for each segment Tj in T; and

d) taking the top k candidate positions and applying to a small
neighborhood of them to find the best match to T.

8. The method of claim 7, wherein said parameter € within said computing

step 1s a graduated threshold value.

0. A computer-readable medium having stored thereon a plurality of

Instructions, the plurality of instructions including instructions which, when
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executed by a processor, cause the processor to perform the steps of a
method for matching target file windows of a target file with source file
windows of a source file in delta compressors, comprising of:

partitioning the source file into a plurality of source file windows;

partitioning the target file into a plurality of target file windows; and

matching one of said plurality of source file windows with one of said
plurality of target file windows based upon a distance function that defines a
distance between a data segment of said one of said plurality of source file
windows and a data segment of said one of said plurality of target file

windows using a respective n-gram of said data segments.

10. The computer-readable medium of claim 9, wherein said distance

function is as follows:

!

o

~o [Fg [i1-Fg il
A(S1, Sz) — . S( — .'Sz‘ :
Zi=0 max FS] [l]iF82 [I])

where,

A(S4, Sy) Is defined to be the distance function between two non-empty
data segments, S and S;, as a measure of similarity between the two data
segments, and

Fs, and Fg, are corresponding n-gram frequency arrays for data

segments S1 and S; respectively.

11. The computer-readable medium of claim 9, further comprising:
finding a minimum distance between a sub-segment of a source
window S with length t that best matches a target window T based on the

distance function.

12.  The computer-readable medium of claim 9, further comprising:

performing a fast search for matching source windows.
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13. The computer-readable medium of claim 12, wherein said fast search

comprises a definition of a signature function:

A-1
o(P) = 2 Fsli]

=0
where signature o(P) is defined as the sum of the hash values of all
5 n-grams, Fp is a frequency array of hash values indexed by n-grams,
| represents the hashed value of n-grams and A is the size of the frequency

array.

14.  The computer-readable medium of claim 12, wherein said fast search
comprises a definition of a signature distance function based on the signature

10 function o:

O(P1, P2) = — IG(P')*G(PJ

max(c(P,) o(P.))

where P4 and P represent two data segments.

15.  The computer-readable medium of claim 12, wherein said fast search
comprises the steps of:
15 a) partitioning source file S into a sequence of segments each of a
fixed size A,
b) partitioning target window T into a sequence of segments each
of a fixed size A;
C) computing the set of all Sj's such that j <=i <= a-b and &(Sj, Tj)
20 <= and asserting that T; votes for each such position (i-j)A as a candidate for

a match for each segment Tjin T; and

d) taking the top k candidate positions and applying to a small
neighborhood of them to find the best match to T.

16.  The computer-readable medium of claim 15, wherein said parameter ¢

25 within said computing step is a graduated threshold value.
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17.  An apparatus for matching target file windows of a target file with
source file windows of a source file in delta compressors, comprising:

means for partitioning the source file into a plurality of source file

windows;
5 means for partitioning the target file into a plurality of target file

windows: and
means for matching one of said plurality of source file windows with

one of said plurality of target file windows based upon a distance function that
defines a distance between a data segment of said one of said plurality of
10  source file windows and a data segment of said one of said plurality of target

file windows using a respective n-gram of said data segments.

18.  The apparatus of claim 17, wherein said distance function is as follows:

>0 Fg [l -Fg. [i]
A(S1, S2) = — §(* _._Srz "”.)

where,
15 A(S1, Sz) is defined to be the distance function between two non-empty

data segments, S¢ and S,, as a measure of similarity between the two data

segments, and

Fs, and Fg, are corresponding n-gram frequency arrays for data

segments S¢ and S, respectively.

20 19.  The apparatus of claim 17, further comprising:
means for finding a minimum distance between a sub-segment of a

source window S with length t that best matches a target window T based on

the distance function.

20.  The apparatus of claim 17, further comprising:

25 means for performing a fast search for matching source windows.
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205

Partition source file S into a sequence of segments each | 210
of a fixed size A '

Partition target window T into a sequence of segments | 220
- eachofafixed size A -

\ For each segment TJ inT, compute the set of all SIS such

. thatj<=i<=a-band §(S, T)<=¢,and 230 '
Assert that Tj votes for each such position (i-))A as a
candidate for a match

Take the top k candidate positions and apply the detailed
search algonthm to a small neighborhood of them to find

the best matchto T 240

FIG. 2
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500

| B
d =m = 0; ' .
for (i=0; i<A; i+=1)

{ d += abs(F,[1] - Fol1l);
m += max(F,[i], F.(1]);

btstd = d/m; besti = 0;

for(i=1; i<s-t+1l; 1+=1)

{ a -= abs(F,[S;,] - F¢l8;,1)s

m -= max(F,[S; .1, F:[S;,,1);
P, (S, ,] -= 1; '
FolSienl) += 1

d += abs(F, [-Si+t,n] - FolSycnl)

Bl *= maX(Fw[Si+t-n] , FoplSyeon ) i

if(d/m < betsd)
{ bestd = d/m; besti =

FIG. 5
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| Accept top candidate source windows C's and | 610
target window T as inputs

‘l Extend the search neighborhood of each of the | 620 '

top candidate source windows by 22 to give
extended search windows S's

Apply method 500 to find a sub-segment of

each Swithlength t that best matches T 630

Use the sub-segment with the best distance
oroduced among all candidate extended | 540
search areas as the best match to T

End | 650

FIG. 6



CA 02475189 2004-07-19

8

/

!

0¢l |7

012

/ Ol

Y

L MOPUI

10bie |
UOISUIXY
19}V BAIY 21828
S MOpUIM
32.1Nn04 ajepipue)
X X X X ¥

UOISUIXHY
103}V BAY Ydaeas

p MOPUIA
2.1N0S djepIpuL)

£tl
g - 9|i4 924N0S

€4

UOISUIXY
PV BIIY Y188
¢ MOPUIAA
32400 deplpue))

(A

s X (

A | )ﬁ

a|l4 18ble |

HOISUIIXH

IV BAIY O8OS

7 MODUIAA
20.1Nn0G AepipuL) _

ROISUIIXY
193}V By YDaBag

| MOpUIM
221N0S ePpipuL))

0¢L



CA 02475189 2004-07-19

8/8

1
|

802—_ - PROCESSOR

|

806

aaama

/0 DEVICE |
| e.g. STORAGE
~ DEVICE

FIG. 8




100

Source File - S

kyk y LY_J

Source Source Source
Window 1 Window 2 Window 3

Target File

e »

)

4

Target
Window 1
-T



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - claims
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - abstract drawing

